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Abstract
The Big Thicket National Preserve comprises 39,300 hectares in the form of nine preserve units connected by four stream corridor units (with two more corridor units proposed) distributed over the lower Neches and Trinity River Basins of southeastern Texas.
Fish and benthic macroinvertebrate data were collected at 15 stream sites (reaches) in the preserve during 1999-2001 for a baseline assessment and a comparison of communities among stream reaches.
The fish communities in the preserve were dominated by minnows (family Cyprinidae) and sunfishes (family Centrarchidae). Reaches with smaller channel sizes generally had higher fish species richness than the larger reaches in the Neches River and Pine Island Bayou units of the preserve. Fish communities in geographically adjacent reaches were most similar in overall community structure. The blue sucker, listed by the State as a threatened species, was collected in only one reach-a Neches River reach a few miles downstream from the Steinhagen Lake Dam.
Riffle beetles (family Elmidae) and midges (family Chironomidae) dominated the aquatic insect communities at the 14 reaches sampled for aquatic insects in the preserve. The Ephemeroptera, Plecoptera and Trichoptera (EPT) Index, an index sensitive to water-quality degradation, was smallest at the Little Pine Island Bayou near Beaumont reach that is in a State 303(d)-listed stream segment on Little Pine Island Bayou.
Trophic structure of the aquatic insect communities is consistent with the river continuum concept with shredder and scraper insect taxa more abundant in reaches with smaller stream channels and filter feeders more abundant in reaches with larger channels. Aquatic insect community metrics were not significantly correlated to any of the stream-habitat or land-use explanatory variables. The percentage of 1990s urban land use in the drainage areas upstream from 12 bioassessment reaches were negatively correlated to the reach structure index, which indicates less stable habitat for aquatic biota.
INTRODUCTION
Often described as the "biological crossroads" of North America, the Big Thicket National Preserve is an important holding of the National Park Service (NPS) because of its biological diversity and unique geographic distribution. The preserve's 39,300 hectares (97,000 acres) are a highly fragmented land base of nine preserve units connected by four established and two proposed stream corridor units ( fig. 1 ). The riparian corridor units consist of black-water streams that provide critical ecological linkages to the otherwise isolated units of the preserve. These waters represent the western distributional limit for several aquatic invertebrates (Abbot and others, 1997) and contain a diverse assemblage of rare aquatic fauna. The preserve contains many Federal listed "Species of Concern," including the paddlefish (a large planktonic-feeding fish), Texas heelsplitter (a freshwater mussel), and two species of aquatic insects, Somatochlora margarita (a dragonfly), and Phylocentropus harrisi (a caddisfly). The State of Texas lists several more species as "threatened" or 
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INTRODUCTION
"endangered" (Texas Parks and Wildlife Department, 2003) . These include two fish, the blue sucker and creek chubsucker, and the world's largest freshwater turtle, the alligator snapping turtle. The preserve land base includes 1,030 kilometers of boundary, more than Yellowstone National Park. The water resources of the preserve are sensitive to land uses in those areas outside of the preserve that drain into the streams and wetlands of the preserve. Most of the land surrounding the preserve is owned by private timber companies, and timber-harvesting practices on these lands have the potential to influence water quality through sedimentation, increased stream temperature, and the runoff of fertilizers and herbicides (Harcombe, 1996) .
Although timber production is the dominant land use adjacent to the preserve, a trend of increased urbanization and industrialization is emerging. Regional decline in dissolved oxygen concentrations has been documented (Hall and Bruce, 1996) . Two stream segments in the preserve, Little Pine Island Bayou (Segment 0607B) and Pine Island Bayou (Segment 0607) have been listed on the State 303(d) 1 list for not meeting aquatic-life use criteria because of low dissolved oxygen concentrations (Texas Commission on Environmental Quality, 2002) .
Industrial point-source contaminants also influence water quality in the preserve. In 1986 and 1987, the U.S. Environmental Protection Agency documented toxic levels of dioxin in fish-tissue samples from the Lower Neches River Corridor Unit in the Big Thicket National Preserve ( fig. 1 ). The dioxin source was traced to a pulp mill that discharges into the Neches River. The Texas Department of Health (TDH) issued a fish consumption advisory, which remained in effect until 1996. TDH continues to monitor this section of the Neches River, but sampling is infrequent (Harcombe, 1996) .
Another source of contaminants is from active and abandoned oil and gas operations in and adjacent to the preserve. Oil and gas operations produce a variety of potential contaminants including excess sediments, biocides, oil, and brine. Historically, oil and gas operations have been the most important nonpoint-source influence on water quality in the preserve. In 1981, an oil spill adjacent to the Turkey Creek Unit flowed into a nearby tributary and eventually into the preserve. Although the spill was quickly contained, it almost extirpated the benthic macroinvertebrate community along a large section of stream (Harrel, 1985) . More recently, innovations in three-dimensional seismic surveying technology and the economic incentives of increased gas prices have spawned an expansion of oil and gas exploration throughout the preserve. When the Big Thicket National Preserve was established, the U.S. Congress mandated that oil and gas operations would continue. Today (2001) there are 27 active oil and gas operations and 43 trans-park pipelines in the preserve (Roy Zipp, National Park Service, written commun., 2000) .
To help guide management of running waters in the preserve, a variety of efforts related to collecting baseline water-quality information have been done since the inception of the preserve. The National Park Service sponsored several studies by outside researchers to collect baseline water-quality data at fixed monitoring stations (Harrel, 1976; Harrel and Darville, 1977, 1978; Harrel and Bass, 1979; Harrel and Commander, 1980, 1981) . In 1984, preserve staff began monitoring water quality at fixed locations throughout the preserve (Flora, 1984) . Baseline water-quality monitoring continues today (2001) . However, missing in this waterquality-monitoring approach is an assessment of the status of aquatic biota that includes fish and benthic macroinvertebrates. The management of water resources can be improved if biological indexes that incorporate easily quantified and understood results of biological monitoring are used as a direct measure of water quality (Karr and others, 1986) .
In recognition of the value and importance of baseline data on aquatic biota in the preserve to supplement traditional water-quality monitoring, the U.S. Geological Survey (USGS) and the NPS formed a water-quality-monitoring partnership in 1999. As a result, the USGS, in cooperation with the NPS, conducted a study to establish benchmark biological monitoring stations at 15 sites throughout the preserve from which to assess baseline biological conditions in streams and to supplement historical and ongoing water-quality monitoring at these sites. Fish community data were collected once in 1999 at 15 sites and again 1 The State of Texas Clean Water Act 303(d) list comprises surface-water bodies in Texas identified by the Texas Commission on Environmental Quality as impaired (do not meet applicable water-quality standards) or threatened (are not expected to meet applicable water-quality standards in the near future). Section 303(d) of the Federal Clean Water Act (together with related regulations) requires each State to assess the quality of its surface waters and to develop water-quality improvement strategies for impaired and threatened waters.
in 2001 at eight sites. Benthic macroinvertebrate data also were collected in 1999 at 14 sites and again in 2001 at seven of the same eight sites. Stream-habitat conditions at each site and 1970s and 1990s land-use characterizations in the drainage area upstream from each site were assessed with regard to their effect on biological variables.
The USGS and the NPS expanded on the initial biological assessments of 1999. Continued biological monitoring was needed to account for the inherent spatial, seasonal, and life cycle variability of aquatic communities. An expanded assessment was needed for several reasons, which include the (1) proposed addition of two new stream corridor units in the preserve ( fig. 1 ) and a lack of baseline information for these units; (2) regional decline in water quality noted previously; (3) increased population growth and urbanization in the surrounding watersheds; (4) intensive forestry practices and documented noncompliance with forestry best management practices (Roy Zipp, National Park Service, written commun., 2000); (5) increased levels of oil and gas exploration and anticipated development throughout the preserve and adjacent areas; and (6) unknown status and trends of many rare, threatened, and endangered aquatic species.
Specific objectives of this study were to 1. Provide the preserve with detailed baseline data and information on the status of aquatic biota including fish and benthic macroinvertebrates (primarily aquatic insects) and information on stream habitat and land use at the network of 15 USGS benchmark bioassessment sites.
2. Complete seasonal fish and benthic macroinvertebrate community assessment at eight primary sites to improve the accuracy of data on taxa composition and relative abundance for these communities.
3. Determine land uses in the drainage area upstream from each of the 15 benchmark sites for the 1970s and 1990s and the percentage changes during the intervening years.
Purpose and Scope
The purpose of this report is to present the methods of and findings from the biological assessment at 15 benchmark bioassessment sites (stream reaches) in the Big Thicket National Preserve during 1999-2001. Comprehensive fish and benthic macroinvertebrate (primarily aquatic insect) taxonomic data collected in the reaches are tabulated. Statistical and graphical techniques are used to compare fish and benthic macroinvertebrate communities among the reaches. In addition, the relation of the community structure of aquatic biota to stream-habitat conditions and changes in land use in the preserve is briefly addressed.
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METHODS OF ASSESSMENT Geographic Scope and Stream Reach Selection
The study area comprises four preserve units and five corridor units in the Big Thicket National Preserve. Five of the 15 assessment sites are in preserve units, and 10 are in corridor units ( fig. 1, table 1) . Thirteen of the 15 sites are in the lower Neches River Basin, and two are in the Trinity River Basin ( fig. 1 ). Assessment sites were selected using 7.5-minute USGS topographic maps, digital orthophoto quadrangles, and on-site reconnaissance. Selection was based on the collocation of assessment sites with existing preserve water-quality monitoring sites. For corridor units, emphasis was on the upstream-to-downstream pairing of sites within a corridor unit and the need to provide spatial coverage to sample the majority of preserve and corridor units. Stream size or above-site drainage area was not used as a site selection criterion.
At each assessment site, a sampling reach was selected. The selection criteria for a reach were: (1) the reach could not be within 100 meters downstream from a highway bridge or other in-channel structure; (2) the reach had to be entirely within the Big Thicket National Preserve; (3) the reach had to be at least one full meander in channel length or a minimum of 20 times the wetted channel width; and (4) if the reach was one full meander in channel length, it had to contain at least two of three types of geomorphic channel units-riffles, runs, or pools (Meador and others, 1993) . The upstream and downstream boundaries of each reach were marked with permanent monuments and georeferenced by recording a latitude and longitude for each monument using a hand-held global positioning system (GPS). For those reaches with geomorphic channel units, four transects (each one corresponding to a geomorphic channel unit) also were marked with monuments and georeferenced using the hand-held GPS. Monuments were constructed by driving into the ground 30-by 1.25-centimeter reinforcement-bar stakes and attaching to the top of each an aluminum surveyor's cap stamped with "USGS." 
Fish Community Assessment
The fish community in each reach was sampled once in summer 1999 (table 1) . In addition, the fish community at each of eight reaches was sampled once in spring 2001 and again in summer 2001, to account for seasonal differences in fish distribution and water temperature in the stream. Preserve and USGS staff selected the eight reaches for more intensive assessments that were considered the most important on the basis of historical and ongoing water-quality assessments by the preserve.
Various electrofishing and netting techniques were used to assess fish community composition and structure (Meador and others, 1993; Moring, 2002) . Barge electrofishing equipment was used to sample the fish community in each reach. Two electrofishing passes were made per reach, and the time in seconds that the electrofishing unit was operated was recorded to monitor sampling effort. A 7.5-by 3-meter seine (0.64-centimeter mesh) was used to supplement electrofishing sampling, particularly in riffles. At least one seine-haul was completed in each type of geomorphic channel unit present in the reach.
All collected fish were identified to species, and total and standard lengths in millimeters and total weight in grams were recorded (Meador and others, 1993) . All minnows and other problematic taxa were fixed in 10-percent buffered formalin and returned to the USGS office in Austin, Tex., for identification. Fish specimens that were difficult to identify and those specimens that required a verification of identification were sent to ichthyologist Dr. Dean Hendrickson, Texas Memorial Museum at the University of Texas, for final identification and permanent storage.
Benthic Macroinvertebrate Community Assessment
Benthic macroinvertebrate samples were collected at 14 of the 15 sampling reaches (table 1) using reach-based compositing methods developed by the USGS National Water-Quality Assessment (NAWQA) program (Cuffney and others, 1993; Moring, 2002) . One reach, Village Creek on Mustang Trail near Village Mills (VC1), was not sampled for benthic macroinvertebrates because of budgetary constraints and because of its proximity to the Village Creek on McKinney Bridge Road near Village Mills (VC3) reach. The USGS and NPS assigned higher priority for benthic macroinvertebrate sampling to VC3. Two sample types, a richest targeted habitat (RTH) and a qualitative multihabitat (QMH) were collected in each reach in summer 1999. Spring RTH and QMH samples and summer RTH and QMH samples also were collected in 2001 in the seven of eight reaches where fish communities were sampled in 2001. As with fish, sampling of benthic macroinvertebrates in two seasons was done to account for differences in species life stages and, consequently, to increase the ability to identify taxa to the lowest taxonomic level. Multiple generations of benthic macroinvertebrates can be collected at the same time in the temperate waters of streams in the Big Thicket National Preserve. Therefore, the two seasonal samplings were done to improve the accuracy of species composition and relative abundance for these reaches.
Five RTH samples were collected in each reach and composited. Each RTH sample was taken by selecting five sampling locations distributed between two or more geomorphic channel units in the reach (for reaches with one full meander). At each of the five sampling locations, a woody snag was located, and a submerged limb of at least 5 centimeters in diameter was selected from the snag for sampling. The limb was held in a Surber sampler with a 425-micron mesh net with a 425-micron dolphin plankton bucket attached to the end of the net. The net was oriented with the mouth directed upstream, and the limb was brushed for 60 seconds to dislodge organisms into the net. The contents of the net and plankton bucket were rinsed into a 19-liter bucket, processed through a 425-micron sieve to remove entrained organic and inorganic debris, placed in a 1-liter polypropylene jar, and fixed with 10-percent buffered formalin (Cuffney and others, 1993) .
A QMH sample was collected in each reach by using a 205-micron mesh d-frame net. Multiple habitats in the reach were sampled including riffles, runs, margins of pools, undercut banks, and in stands of aquatic macrophytes in an attempt to collect taxa not expected to be represented by the RTH sample. The QMH sample also was collected to augment the taxa composition or taxa list for each reach. Contents of the d-frame net were placed in a 19-liter bucket, field-processed through a 205-micron mesh sieve, transferred to a 1-liter jar, and fixed with 10-percent buffered formalin.
All benthic samples were shipped to a contract laboratory (Ecoanalysts, Inc., Moscow, Idaho) for identification and enumeration of taxa. If a sample had 500 or fewer organisms, all the organisms in the sample were sorted, counted, and identified. If the sample contained more than 500 organisms, then a 500-count subsampling routine was used (Lester, 1999) . With the exception of some midges and non-insect macroinvertebrates, all taxa were identified to genus. A reference collection with at least one specimen of each taxon identified was provided to the USGS by the contract laboratory.
Stream-Habitat Assessment
Characterization of channel and riparian-zone habitat features (Fitzpatrick and others, 1998; Moring, 2002) can include depth, velocities, bed and bank substrates, and type, frequency and extent of geomorphic channel units (riffles, runs, and pools). Several reach-based and within-reach transect-based measures were taken (table 2). Four channel cross sections extending from the right bank high-bank terrace to the left bank high-bank terrace were selected in each reach (corresponding to the four geomorphic channel units in reaches with one full meander). Many researchers have suggested up to 11 transects per reach (Fitzpatrick Bank height from channel thalweg to bank-full terrace.
----and others, 1998). However, for the study described in this report, the selection of four cross sections in each reach was assumed to be sufficient to characterize channel morphology and therefore, variability in stream velocity, depth, and substrate types and distribution. All but one reach, Little Pine Island Bayou (LPIB6), were one full meander in length, with a pair of point bars alternating on each bank. Four cross sections were assumed to be sufficient to characterize gross channel morphology because of the uniformity of the channels for the majority of reaches. In addition, all 15 sites are on low-gradient streams, which facilitates the selection of one full meander of channel length. This approach helped to standardize the reaches among sites for comparison.
A Sokia Leitz Set 4A laser-operated total station was used to survey all transects and the entire reach to provide the data needed for many of the reach habitat measures. All survey data were stored on-site in a data logger that was electronically linked to the total station. The data were imported into an electronic spreadsheet and sorted, and computations were done to determine linear reach length, curvilinear reach length, bank height, bank width, bank slope, wetted channel width, and mean depth.
Land-Use Characterization
Land use was characterized for each contributing subbasin upstream from the downstream boundary of each reach. Sixty-meter digital elevation models (DEMs) that were re-sampled from 30-meter DEMs were used to delineate each subbasin for the computation of drainage area. The 1970s land-use data were obtained from the Geographic Information Retrieval and Analysis System (GIRAS) (U.S. Geological Survey ), and includes land-use data from 1973 to 1980. The GIRAS 1:250,000-scale blocks used for land-use characterization overlap within the majority of the above-reach drainages. The 1973-80 land-use data will be referred to hereinafter as the 1970s land-use data. The 1990s land-use data were obtained from a USGS dataset called National Land Cover Data 1992 (NLCD 92) (Vogelmann and others, 2001), which was derived from early to mid-1990s Landsat Thematic mapper satellite data. For this report, Anderson Level I and Level II land-use categories including barren, forested, urban or built-up, range, water, and wetland were compared using geographic information system (GIS) technology to yield positive or negative percentage changes in these land uses between the 1970s and 1990s. Percentage changes in selected land-use variables (table 2) were used to explain differences in biological communities or stream-habitat conditions.
Data Management and Analysis
All field data were recorded on waterproof data forms in the field. Recorded data included site name and description, individuals collecting the sample, date and time, weather conditions, sample identification (ID) and description, and any pertinent comments about the reach or sampling effort. Field data forms were reviewed in the field for accuracy and completeness, and a final review was done at the USGS office in Austin, Tex.
After review, all data were keyed into a spreadsheet pending data analysis. Hard copies of the data were printed and filed with the field data forms for each reach. All data were archived in the USGS office in Austin. Benthic macroinvertebrate identification and enumeration data were received from the contract laboratory in a spreadsheet format and stored along with other digital data for the project.
All statistical analyses were done with the Statistica® software package (StatSoft, 1998) . Cluster analysis was used to compare overall similarities among fish communities and among benthic macroinvertebrate communities by reach. Cluster analysis is a classification technique that groups like entities (fish or benthic macroinvertebrate communities by reach in this application) into clusters. Similarity among communities by reach is quantified in terms of "linkage distance" (Ludwig and Reynolds, 1988) , which can be shown graphically-the more similar the communities in two reaches, the smaller the linkage distance.
The number of fish or invertebrate species collected can be influenced by the number of individuals collected. For two streams of similar size, the number of species generally is proportional to the number of individuals collected but declines asymptotically with increased sampling until no new species are collected with repeated samplings (Nielsen and others, 1989); therefore, unless the asymptote is quantified, the number of individuals collected can introduce bias into the interpretation of biological diversity indexes or other metrics (Ludwig and Reynolds, 1988) . In the field effort for the study described in this report, no attempt was made to quantify the asymptote of species richness in any of the reaches. The number of individual fish collected was positively correlated with the number of species ( fig. 2 ) in each reach (Pearson's r = .836, p-value = .0001). Therefore, a technique was required to remove the influence of sample size on the number of species collected.
To remove the influence of fish and invertebrate sample size among reaches, the number of individuals of each species was converted to a "1" or "0" to indicate the presence (1) or absence (0) of a species from the reach. These presence-absence data were used in the cluster analysis to compare the fish and invertebrate community similarity among the 15 reaches.
Another measure of species for comparison among reaches that avoids sample-size bias is Menhinick's species richness (Menhinick, 1964 ). Menhinick's richness was computed for each reach by dividing the number of species in the reach by the square root of the number of individual fish or invertebrates collected.
Principal components analysis was used as a variable reduction technique to determine those streamhabitat and land-use variables that explain the largest amount of variation among reaches, and in turn, compare those physical variables to selected biological variables using correlation. Principal components analysis is a multivariate statistical technique (Ludwig and Reynolds, 1988 ) that quantifies the amount of variation (among reaches in this application) explained by each variable in terms of "factor loadings." Streamhabitat and land-use variables (table 2) with factor loadings greater than 0.7 were compared with total number of fish species, total number of aquatic insect species (or genus), and Menhinick's species richness using correlation.
Stream-habitat variables also were compared using correlation with land-use variables to identify those stream-habitat variables, if any, that could be significantly correlated with particular land-use characteristics. 
BASELINE ASSESSMENT Fish Communities
Sixty-eight species of fish were collected among the 15 reaches during 1999-2001 (table 3, at end of report). A total of 4,818 individual fish were collected. Minnows (family Cyprinidae) were the most abundant group with 1,433 individuals collected among the 15 reaches. Of the minnows, the blacktail shiner (Cyprinella venusta) was the most frequently collected species (644 individuals). Minnows typically are the most abundant group or family of fishes in streams. They commonly are collected in large numbers with a variety of collection techniques because of the schooling behavior of many species, including the blacktail shiner. The longear sunfish (Lepomis megalotis) of the Centrarchidae family was the most frequently collected of all species (761 individuals). The tarpons, family Elopidae, were the least abundant group with seven individuals collected, all of one species, ladyfish (Elops saurus). Ladyfish and other tarpons are marine or estuarine species and are not commonly collected in freshwater streams. Four blue suckers (Cycleptus elongatus) were collected, all within the reach Neches River below Steinhagen Lake (NR1). The blue sucker is difficult to collect because of its habitat preference for the bottom of deep, fast moving rivers and channels. The blue sucker is listed by the State of Texas as a threatened species and is a "current-loving" or rheophilous species. The four blue suckers were collected in a highergradient section of the Neches River in the tailwaters of the Steinhagen Lake Dam. Common carp (Cyprinus carpio), an introduced species, was collected in only one reach, Menard Creek at Hwy. 146 near Rye (MC4).
The most fish species (43) were collected in the most downstream Neches River reach, the Neches River in the Beaumont Unit near Beaumont (NR3). This reach is only several kilometers upstream from the tidal break in the Neches River, and several species including ladyfish and atlantic needlefish (Strongylura marina) were collected more frequently in this reach than other reaches. In addition, this Neches River reach is longer and wider than the other reaches, and fish species richness generally increases with increasing channel size or stream order (Vannote and others, 1980) . The least number of fish species were collected at the two Menard Creek reaches, 12 at Menard Creek at Hwy. 943 near Segno (MC1) and 11 at Menard Creek at Hwy. 146 near Rye (MC4).
The cluster analysis to determine fish community similarity among reaches showed that reaches clustered according to their geographic proximity and that the smaller reaches typically were more similar in overall fish community structure than the larger reaches, with a few exceptions (fig. 3) . The two Trinity River Basin reaches, MC1 and MC4, were most similar in species composition. The Little Pine Island Bayou at Hwy. 326 near Sour Lake, Tex. (LPIB1) reach did not cluster with the other reach in the same subbasin, Little Pine Island Bayou at Hwy. 69 near Beaumont, Tex. (LPIB6). Among sites on the same reach, the Neches River reaches had the largest linkage distance (4.45) and, therefore, the least similarity. NR1 and NR3 are more than 48 river kilometers apart, and the more downstream reach, NR3, had several marine or estuarine fish species that the upstream reaches (NR1 and NR2) did not.
Menhinick's species richness ranged from a minimum of 1.016 at Little Pine Island Bayou reach LPIB6 to a maximum of 2.097 at Village Creek reach VC10 (fig. 4) . The small richness at Little Pine Island Bayou LPIB6 is influenced by the fact that 47 percent of the individual fish collected at the site were two species of shad, the threadfin shad (Dorosoma petenense) and the gizzard shad (Dorosoma cepedianum). Shad are pelagic filter feeders, and LPIB6 is a relatively deep channel with little current or in-channel structure such as snags or undercut banks that are characteristic of Village Creek reach VC10 and other reaches that had comparatively larger species richness. The occurrence of snags and other in-channel structure can result in higher species richness because of the variety and greater volume of habitat present.
Another way to assess fish community structure is to compare the relative abundance of major fish families among sampling sites ( fig. 5 ). Relative abundance is less than 100 percent in figure 5 because several families with low relative abundance were omitted. Minnows (family Cyprinidae) and sunfishes (family Centrarchidae) dominated the relative abundance among the 15 reaches. Centrarchid relative abundance was dominated by the longear sunfish (Lepomis megalotis), bluegill (Lepomis macrochirus), spotted bass (Micropterus punctulatus), and largemouth bass (Micropterus salmoides). Centrarchids generally had a higher relative abundance in smaller channels such as LPIB1 where there is more in-channel structure in relation to total reach area compared to that of the larger reaches in the Neches River. The total number of centrarchids collected was higher at the large channel sites, but the relative abundance was lower. Gars (family Lepisosteidae) are common in large rivers, and gars were relatively the most abundant in the Neches River reaches. Pirate perches (family Aphredoderidae) were most common in the smaller reaches including Big Sandy Creek reach BSC2, Menard Creek reach MC1, Turkey Creek reach TC2, and Village Creek reach VC1. Pirate perches are common in smaller sand-bottomed streams and rivers; Aphredoderus sayanus is the only species in the family (Robison and Buchanan, 1984) .
Benthic Macroinvertebrate Communities
A total of 9,238 benthic macroinvertebrates that constitute 301 unique taxa were collected among the 14 reaches sampled for invertebrates (table 4, at end of report). Two-hundred forty-two of the benthic macroinvertebrate taxa were aquatic insects, and 59 were non-insect taxa that included freshwater worms (Clitellata), opossum shrimp (Mysidacea), roundworms (Nematoda), snails (Gastropoda), amphipods (Malacostraca), clams (Bivalvia), and water mites (Arachnida). Sampling in this study was intentionally biased for the collection of aquatic insects, and all non-insect taxa were considered incidental collections; therefore, the results discussed below will be limited to aquatic insect taxa among the 14 reaches sampled.
The most frequently collected aquatic insect was the riffle beetle (Stenelmis sp.). Of the 10 most commonly collected taxa, six were midges of the family Chironomidae. The most frequently collected midge was Polypedilum illinoense gr. Midges often dominate the aquatic insect community in freshwater streams in number of species, number of individuals, and aquatic insect biomass (Resh and Rosenberg, 1984) . Other commonly occurring taxa included the filter-feeding caddisfly, Cheumatopsyche sp., and the filter-feeding blackfly, Simulium sp. The most abundant mayflies were the collector-gatherers Tricorythodes sp. and Pseudocloeon dardanum.
A cluster analysis using presence/absence data for all of the aquatic insect taxa ( fig. 6 ) showed a very different pattern compared to results of the fish community cluster analysis ( fig. 3) . Unlike the fish community cluster analysis, the aquatic insect cluster analysis does not indicate a clustering of reaches based on site proximity. For example, the cluster analysis results show the Neches River reach (NR2) to be more similar to a Big Sandy Creek reach (BSC2) and to the Menard Creek reaches (MC1 and MC4) than it is to the other two Neches River reaches (NR1 and NR3). The majority of the linkage distances were 8.0 or higher, which indicates that the aquatic insect communities are more variable and dissimilar than the fish communities among the 14 reaches.
The number of aquatic insect taxa was significantly positively correlated (Pearson's r = .908, p-value = .0001) to the number of individuals collected in the 14 reaches ( fig. 7) . The Village Creek on McKinney Bridge Road (VC3) reach had the largest number of aquatic insect taxa (108), and the Neches River below Steinhagen Lake in the Jack Gore Unit (NR2) reach had the fewest number of taxa (12).
Menhinick's species richness varied considerably among the reaches ( fig. 8 ). Big Sandy Creek reach BSC2 had the largest species richness (3.9), with a new taxon observed for about every two insects collected in the reach. The smallest species richness (1.09) was for the Neches River reach NR2. The collection of aquatic insect samples in NR2 was difficult because of swift currents and a relatively deep channel. It is likely that the small number of taxa and number of individual insects collected in this reach is at least partially the result of adverse sampling conditions. The Ephemeroptera, Plecoptera, and Trichoptera (EPT) index commonly is used to assess the ecological health of streams. The EPT index is the sum of the proportion of each of the three orders (mayflies, stoneflies, and caddisflies), and it is expressed as a percentage of all identified taxa; larger scores indicate healthier streams. The index is sensitive to changes in water quality and is less variable seasonally and perennially than other metrics such as species richness (Lenat and Barbour, 1994) . The EPT index was largest for the Neches River reach NR1 and smallest for the Little Pine Island Bayou reach LPIB6, one of the two reaches in stream segments in the preserve that are on the State 303(d)list (fig. 9 ). The EPT index score for NR1 probably is larger than the other index scores because this reach is only a few kilometers downstream from the Steinhagen Lake Dam; and net-spinning caddisflies likely are more common in the reservoir release waters below the dam. Caddisflies respond to increased dissolved oxygen concentrations caused by re-aeration in the tailwaters of the dam. The low index score for LPIB6 might be explained by little or no current at this reach, possibly lower dissolved oxygen concentrations, and little in-channel structure such as woody snags to provide a substrate and habitat for the EPT taxa. Many of the EPT taxa, particularly caddisflies (Trichoptera), require a current at velocities that facilitate their filterfeeding habits. The mayflies (Ephemeroptera) were a larger percentage of the EPT index at the reaches with smaller channel size, and the caddisflies were a larger percentage of the EPT index in those reaches with larger channel size. Stonefly (Plecoptera) taxa are more depauperate than the mayfly or caddisfly taxa in the Big Thicket National Preserve and are less represented in the EPT index for the 14 reaches.
The trophic structure of aquatic insect communities is influenced by many factors including channel width, depth, velocity, nutrient composition and availability, bed material, and composition and density of riparian vegetation (Hynes, 1970) . In low-order (smaller) streams in wooded settings dominated by deciduous riparian species, the amount and composition of input to the stream from leaf-and dead-fall and from overland runoff influences the trophic structure of the aquatic insect community in the stream (Vannote and others, 1980) . The river continuum concept of Vannote and others (1980) hypothesizes that the macroinvertebrate community exists in a way that is compatible with its source of nutrition-that is (in the study described in this report), the aquatic insect community in smaller stream channels will be of the type (shredders and scrapers, for example) that can deal with the more coarse particulate matter that tends to be characteristic of smaller stream channels; whereas in larger stream channels in which smaller particulate matter tends to be characteristic, the aquatic insect community will be of the type (filter feeders, for example) that depends on fine particulate organic matter. In general, aquatic insect communities in the Big Thicket reaches fit the river continuum concept. With a couple of exceptions (LPIB1 and NR3), the relative abundance of shredders and scrapers ( fig. 10 ) generally was larger in the reaches with smaller channels (fig. 11a) ; and, also with a couple of exceptions (LPIB1 and MC1), the relative abundance of filter feeders generally was larger in the reaches with larger channels (fig. 11b ). Relative abundance is less than 100 percent in figure 10 because minor aquatic insect trophic groups were omitted.
Stream Habitat and Land Use
The physical characteristics of the channel of a stream reach and the contributing drainage upstream from a reach (table 5, at end of report) can influence the structure and function of the resident fish and aquatic insect communities (Richards and others, 1996; Allan and others, 1997; Stauffer and others, 2000) . Among stream-habitat variables measured for this report (table 2), bank-full channel width, bank height, and curvilinear reach length had principal components analysis factor loadings greater than 0.7; and the 1990s land-use variables percentage agricultural, percentage forest, and percentage urban had factor loadings greater than 0.7. These variables were used for further analysis: correlation with total number of fish species, total number of aquatic insect species, and Menhinick's species richness. None of the selected stream-habitat or landuse variables were significantly correlated with any of these biological measures.
In a comparison of stream-habitat variables with land-use variables using correlation, the percentage of 1990s urban land use in drainage areas upstream from the downstream boundaries of the bioassessment reaches was significantly negatively correlated (Pearson's r = -.698, p-value = .012) with the reach structure index, a measure of stable habitat for aquatic biota ( fig. 12 ). (The three Neches River reaches, NR1, NR2, and NR3, were not included in this comparison because of the lack of contributing drainage area downstream from the most upstream reach, NR1, and the large catchment, Steinhagen Lake, upstream from all three sites on the Neches River.) The percentage of urban land use ranged from about 0.6 to about 2.5 percent; however, percentages of urban land use of less than 10 percent in a drainage area have adversely influenced the aquatic insect community (McMahon and Cuffney, 2002) .
The drainage areas upstream from each of 13 bioassessment reaches were dominated by forested land use in the 1970s and in the 1990s, although the percentage decreased during the intervening years ( fig. 13 ; table 5). the most (10.6 percent) in Turkey Creek reach TC1. The percentage of urban land decreased slightly (maximum 0.82 percent for any drainage area) between the 1970s and 1990s for all of the drainage areas upstream from the reaches for which data are available (table 5) . However, the percentage of land in agricultural use increased from a minimum of about 0.8 percent in the LPIB1 drainage area for the 1970s to a maximum of about 15 percent in the LPIB6 drainage area for the 1990s. Timber-crop management is common throughout the lands bordering the units of the Big Thicket National Preserve.
SUMMARY OF MAJOR FINDINGS
Often described as the "biological crossroads" of North America, the Big Thicket National Preserve is an important holding of the NPS because of its biological diversity and unique geographic distribution. The USGS, in cooperation with the NPS, conducted a study to establish benchmark biological monitoring stations at 15 sites throughout the preserve from which to assess baseline biological conditions in streams and to supplement historical and ongoing water-quality monitoring at these sites. The establishment of the 15 bioassessment sites, or reaches, in the Big Thicket National Preserve and the baseline data and information on the fish and aquatic insect communities of these reaches summarized in this report constitute a first step toward assessment of the status of aquatic biological resources in the preserve. The principal findings of the study are 1. The fish communities in the preserve were dominated by minnows and sunfishes.
2. The blue sucker, listed by the State as a threatened species, was collected only in one reach, the Neches River below Steinhagen Lake.
3. Fish communities in geographically adjacent reaches in this assessment were most similar in overall community structure.
4. The most frequently collected aquatic insect was the riffle beetle. Of the 10 most commonly collected aquatic insect taxa, six were midges.
5. Aquatic insect communities among reaches did not indicate the same geographically proximate pattern of similarity as did fish communities.
6. The Ephemeroptera, Plecoptera, and Trichoptera (EPT) index was smallest for the Little Pine Island Bayou near Beaumont reach LPIB6, one Table 3   Table 3 . Fish taxa and counts of individual fish collected for 15 bioassessment reaches, Big Thicket National Preserve, Texas, 1999 -2001 Table 3 . Fish taxa and counts of individual fish collected for 15 bioassessment reaches, Big Thicket National Preserve, Texas, 1999-2001 Table 3 23 Table 4 25 Table 4 Table 4 Table 4 27 Insecta-Cont. EphemeropteraAsioplax sp. Table 4 29 Table 4 31 Insecta-Cont. Diptera-Cont. Unniella sp. Common name BSC-2 BSC-5 LPIB-1 LPIB-6 MC-1 MC-4 NR-1 NR-2 NR-3 TC-1 TC-2 VC-3 VC-10 VC-11 Table 5 33 Use, Big Thicket National Preserve, Texas, 1999 -2001 
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